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OTA Thermal Analyses/Results Summary

Thermal Modeling Approach

Utilized an in-house computer program to convert NASTRAN geometry data to
TRASYS/SINDA format.

NASTRAN triangle and quadrilaterial elements converted to TRASYS
polygons.

NASTRAN bar elements converted to cylindrical TRASYS struts with SIND
conductors based upon cross sectional area.

NASTRAN FEM mesh converted to mathematically equivalent SINDA
conductor network.

Able to provide a 1-to-1 correspondence between NASTRAN and SINDA
nodes.

Steady State/Transient TRASYS/SINDA models

Models include thermal conductance within the mirror, secondary mirror
mast, and support structure

Radiation exchange between all surfaces is included.

Thermal path between mirror and support structure through actuators is
included in the models.

Transient models include the thermal mass of the mirror
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Interdisciplinary Thermal/Stress Analysis
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NGST Primary Mirror (e=0.03)
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NGST Reaction Structure (e=0.73)

The thermal models used in the analysis of the NGST were cons
directly from NASTRAN models. An in-house computer program
developed to convert the NASTRAN geometrical data (triangular
guadrilateral finite elements) to TRASYS polygons. The NASTR.
element mesh was converted to a mathematically equivalent SIN
thermal network. Internal structure, included as NASTRAN bar €
can was modeled radiatively with TRASYS and included in the S
thermal network solution as conductors derived from effective crc
sectional area and length. The resulting thermal models were at
provide a one-to-one nodal correspondence with the NASTRAN |
while accounting for the thermal conductance within the optic anc
radiation exchange between all surfaces.
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NASTRAN Finite Element SINDA Thermal Network TRASYS Represe!

The NASTRAN nodal points are represented in the thermal netw
SINDA arithmetic nodes. A diffusion node is added correspondir
centroid of the element, providing a convenient location to impos
loads and thermal mass and to attach radiation conductors.



TRA SY SModeling Assum ftion:

Mirror segm et actuators not treated radiativey

NASTRAN RBEs (hinges, laiches,dnv e motors) not
treated radiatv ely

Largeview factors to ace and radiusof curvaure of
primary mirror jugify diffuse radiation assum ption using
TRASY S

View factors compuied by N usselt-Sphere method

Infrared Emissivity numerical vaues



Emissivity Numerical Values

Primary Mirror Peals (both sdes) 0.03
Primary Mirror Center Segment 0.03
(both sdes)
Support Structure Struts 0.03
Seconday Mirror Mast (both sdes) 0.70 (Gr/Ep)
Seconday Mirror (facing Primary) 0.03

(facing deep oace) 0.70

Sunshade 0.03



Assum tionson Emissivity
Values

0.03 is typical for polished slver/gold coatings at room
temperature

0.03 assum ed for pure metallic materials (no surface
defects). Assum e beaylium hasno impurities

0.70 assum ed for G rphieE poxy (A X A F4 Solr A nay
GFRP Pands 0.70-0.80)

0.03 assum ed forauminized Kapton sunshade (fram
GSC)



Assum ions in SINDA
Modeling

N 0 condudance in secondary mirror

N o condudance path to sunshade (have done some
anay seswith conductive pah to sunshade will revisit
this)

N o condudance path for hinges & latches

Mirror facesheetand secondary mirror conical mast
assum al isothermal across element thickness

B ounday conditions
Nunerica vaues for thermal conductivity



SINDA B ounday Conditions

Sundhade Temperatures (obtained fram
GSC)

Space (assum ed 0 degreesKelvin)
N o hed flux on OTA (only on sun shade)
Zero actuaor power dissipation assum &l



Thermal Conductivity Numerical Values

Beryllium 100.0 W/mK
Graphite/E poxy 1.0 W/mK
Titanium 4.22 \W/mK

Beryllium vdue comesfran Brush Wellman daa:
100 W/mK on conservaiveend of 30-100 K range

Graphite/E poxy number isuncertain: assum ed vey
low for sake of conservaism

Titanium num bercom esfom N abndB umeau of
Standardsdata



Trangent A ndyss

Timevayng bounday conditions

Initial BC: Sunshade normal to aun vector (undhade
tempsfran GSC)

Find BC:. OTA a maximum dew angkeaw ay fom aun
(sunshade tempsfran GSC)

1-hourdew followed by 27-hour setling tme



Therma Massfor Trangent
A ndyss

Specific H eatforB eryliumis 34.1 Jkg-K fran Brush
Wellman data (vauefor60 K).

Ony thethermal mass of the primary mirror and reaction
structure (inBe case) induded. Temperatures of graphite
groxy elements com puted using skeady State assumption.

— Graphite epoxy volum e fracton and layup notwell
defined

— D ueto radiative coupling, the temperature of the
secondary mirror mast not expected to influence
settling time of the primary mirror



Future Work on Glass Mirror

Use NASTRAN model with coase mesn& NASTRAN
model with asingle fine-meshed petal

Compare results

Size of fine mesh m odd could exceed capability of
existing anayss code

Fine mesh could pose numerical problems for thermal
andyss

Determine mesh dendty adequate forgood thermal results

May require interpolation if structural and therma mesn
densities are different



Summary & Camm ats

Many details (hinges, latches, etc.) have been left out of
thethermal model due to the preliminay nature of this
study. Many of the omitted details were deemed to have
negligible or higher order effects on the ulimate results.
A typical Phase C/D effort would involve much more
detalil.

There is uncertainty in the numerical vauesof many
material pro p eries at th e temperatures of interest. Usually
aconservatv e approach hasbeen used in assigning
numerical vaues.



